. Due to the great interest in the dielectric and ferroelectric properties of BaTiO 3 , the crystallographic structure of barium titanyl oxalate is well documented (Rhine et al., 1992). In contrast, very little work has been performed in the case of the barium zirconium oxalate, even though it might be a precursor for the formation of barium zirconate. BaZrO 3 is of potential interest as a refractory material, due to its ability to resist the corrosive¯uxes encountered during the synthesis of copperbased superconducting phases (Erb et al., 1995) . The manufacture of BaZrO 3 crucibles requires very good densi®cation behaviour, in¯uenced by the morphology and size distribution of the particles (Robertz et al., 2001) . Therefore, the determination of the crystallographic structure of the title compound, (I), a potential precursor, is of some interest. The unindexed powder diffraction pattern published by Reddy & Mehrotra (1979) is attributed to a BaZrO-(C 2 O 4 ) 2 Á4.5H 2 O phase. In the present study, the structural re®nement of single-crystal data indicates a Ba 2 Zr-(C 2 O 4 ) 4 Á3H 2 O composition. The Ba:Zr ratio is con®rmed by energy-dispersive spectrometry. A similar composition was found by other authors, in the case of the lead zirconium oxalate Pb 2 Zr(C 2 O 4 ) 4 ÁnH 2 O (Boudaren et al., 2000) and in
The complex three-dimensional structure of (I) is built from Zr and Ba atoms linked by oxalate groups (Fig. 1) . The coordination polyhedra have imposed C2 symmetry, the Zr and Ba atoms lying on crystallographic twofold axes. The Zr atom is eightfold coordinated by O atoms from bridging bidentate oxalate groups. There are two symmetrically nonequivalent Ba atoms per asymmetric unit. One Ba atom, Ba1, is surrounded by eight O atoms from four bidentate oxalate ligands (two symmetrically non-equivalent). Atom Ba1 is also linked to three water O atoms (from two symmetry-distinct water molecules), reaching a coordination number of 11. The The oxygen coordination spheres around the Zr and Ba atoms in (I).
[Symmetry codes: second Ba atom is sixfold coordinated to four O atoms, which belong to two (symmetrically equivalent) bidentate and to two (symmetrically equivalent) monodentate oxalate anions, respectively.
Intermolecular contacts (Table 1) indicate probable hydrogen bonding between water and oxalate O atoms. Fig. 2 shows how the metal atoms alternate in the crystal packing of (I).
Experimental
The Ba 2 Zr(C 2 O 4 ) 4 Á3H 2 O phase was synthesized by precipitation at the interface between an ethyl oxalate organic phase and an aqueous solution of barium chloride (BaCl 2 ) and zirconyl chloride (ZrOCl 2 ). Since diethyl oxalate is only very slightly soluble in water, it provides a slow release of oxalic acid at the interface between the organic and aqueous phases (Ryu et al., 1999) . This procedure should give good control over the crystallization kinetics. The Ba:Zr ratio in the solution was varied between 1:1 and 2:1, with total cationic concentrations ranging between 0.125 and 0.19 M. The mixtures were held for 2 d at different temperatures (279, 293 and 318 K). The white precipitates which formed were ®ltered off and washed with water and acetone. All precipitates were characterized by powder X-ray diffraction (Siemens D-5000 diffractometer with Cu K radiation) and displayed similar diffraction patterns. Energy-dispersive analysis coupled to a scanning electron microscope (Philips XL-30 ESEM FEG) revealed a 2:1 Ba:Zr ratio in all samples, without a detectable secondary phase. From these results, it appears that the same phase is formed independently of the initial Ba:Zr ratio and of the crystallization temperature. In contrast, scanning electron microscopy shows that the morphology of the crystals depends on the crystallization temperature. At room temperature or below, elongated crystallites form`bundles' of crystals. At 318 K, larger tabular crystals were obtained, but intergrowth and twinning was frequently observed. The single crystal of (I) used for the present structure determination was taken from the batch prepared at 318 K with a 1:1 Ba:Zr ratio. Data collection: XSCANS (Siemens, 1996) ; cell re®nement: XSCANS; data reduction: SHELXTL (Siemens, 1991); program(s) used to solve structure: SHELXTL; program(s) used to re®ne structure: SHELXTL; molecular graphics: SHELXTL; software used to prepare material for publication: SHELXTL. 
Crystal data

